This study examines the convergence patterns of Euro Area (EA) 17 countries' sovereign bond yield spreads (relative to German bund) over the period of March 2002 to December 2015, by employing the convergence algorithm developed by Phillips and Sul (2007) . The empirical findings suggest rejection of full convergence across the EA17 countries' bond yields spreads, and the presence of a certain number of clubs. In particular, three subgroup convergence clubs emerge, in the first;
Introduction
Since the global financial and economic crisis, and the subsequent Euro Area (EA) sovereign debt crisis, euro area sovereign yield spreads have diverged considerably. As these spreads are important measures of governments' relative financing conditions, they have become the focus of public attention.
Prior to the European Monetary Union (EMU) in 1999, sovereign bond yields in the euro area showed a strong convergence process, driven not only by the anticipation of the entrance of the euro and the corresponding elimination of intra-euro area exchange rate risk (European Central Bank, 2003) , but by other variables as well, such as the harmonization of fiscal and monetary policies inherent to the unification process (Côté and Graham, 2004) . This convergence process was followed by a period of low Eurozone yield spreads (e.g. in March 2002, the 10-year yield spreads to the German Bunds were practically zero in the EA countries, with Slovenia, which had not adopted the euro yet 1 , presenting a maximum spread of 4.5 percentage points). Then, sovereign yield spreads rose dramatically since 2009, when the maximum yield spreads were those of Lithuania (11%) and Latvia (7.6%), countries that were not yet in the EA. With the intensification of the sovereign debt crisis, sovereign yield spread diverged significantly, reaching maximum values in Greece (27%) and
Portugal (11%) in February 2012.
The adoption of a common currency was expected to improve the convergence process of bond yields and to reduce sovereign yield spreads, as the exchange rate risk was eliminated.
However, besides the currency risk, the literature has also attributed the differences in the yield spreads to both international factors (such as general risk perception) and domestic factors (liquidity and sovereign risk). Empirical literature (e.g. Codogno et al., 2003; Geyer et al., 2004; Favero et al., 2010; Pozzi and Wolswijk, 2009; Bernoth and Erdogan, 2012) shows that international risk factors have a significant effect on yield spreads in EMU countries, which explains why in times of economic uncertainty and crisis periods it is more likely to observe wider spreads since investors typically have a higher preference for less risky and more liquid assets (Barrios et al., 2009) . Second, and as far as the domestic factors are concerned, investors will demand compensation for not investing in secure (credit risk compensation) and liquid (liquidity risk compensation) bonds.
Empirical literature on determinants of sovereign yield spreads also shows a significant impact of a credit risk component (linked to government fiscal deficits and the stock of government debt as a share of GDP), while the impact of liquidity is significant in some papers (Favero et al., 2010) and not significant in others (Oliveira et al., 2012; Codogno et al., 2003) .
Moreover, the literature has also documented the possibility that certain yield spreads could also be driven by a contagion component, defined in the literature as a significant increase in comovements across countries (conditional on a crisis in one of them) that cannot be explained by the country fundamentals (Masson, 1999) . Most of the literature on contagion during the sovereign risk crisis in the Eurozone finds strong evidence of contagion (Amisano and Tristani, 2011; Favero and Missale, 2012; Calice et al., 2012; Antonakakis and Vergos, 2013) . Furthermore, the results suggest that Greece, Ireland and Portugal are the main sources of contagion effects (Metiu, 2012; Arghyrou and Kontonikas, 2012; Beirne and Fratzscher, 2013; Gomez-Puig and Sosvilla-Rivero, 2014) , followed by Italy and Spain (Leschinski and Bertram, 2013) .
The implications of the above literature on the convergence of sovereign bond yield spreads will depend on the relative importance of the international factor and country-specific factors in determining the bond yield differentials, as well as on the possibility of contagion effects. However, despite of the vast literature on the determinants of sovereign bond yield spreads in EU countries, there is not yet any consensus reached on the relative importance of the previous mentioned factors in explaining sovereign bond yield differentials. Furthermore, most of the studies have found that the relative impact of each of these variables (international risk perception, liquidity, credit risk, contagion effect) on the spreads varies over time. For example, Bernoth and Erdogan (2012) analyse the determinants of sovereign yield spreads for 10 Eurozone countries for the period 1999-2010, and find that the impact of fiscal variables and the global risk factor on yield spreads varies considerably over time. Afonso et al. (2015) study a panel of 10 EA countries to assess the determinants of government bond yields, suggesting that the impact of these determinants has also changed over time since investors, for example, penalise countries' fiscal imbalances more strongly since 2009. Sgherri and Zoli (2009) assess the determinants of spreads between 10 EA countries and Germany for the period 2003-2009 and find that EA sovereign risk premium differentials were mainly driven by a common international factor until 2008, when the country specific sovereign risk became more important. According to Sgherri and Zoli (2009) , this explains the evidence of convergence in bond yield spreads observed before the crisis and the divergence patterns found during the crisis period.
Another strand of the literature has tested for convergence 2 in bond yield spreads by studying the time series properties of the bond yields differentials using different methodologies.
Early studies applied traditional ADF (Dickey and Fuller, 1979) and PP (Phillips and Perron, 1988) unit root tests in order to test whether or not bond yield spreads were stationary (Rose, 1988; Campbell and Shiller, 1991; Siklos and Wohar, 1997) . As new time series econometric techniques were developed, they have also been applied to test for convergence in bond yield spreads. For example, the possible existence of structural breaks in yield spreads has also been taken into account in the literature (e.g. Frömmel and Kruse, 2009 ), while the persistence in bond yields has also been tested using fractional integration techniques (Baum and Barkoulas, 2006; Sibbertsen et al., 2014) . Sibbertsen et al. (2014) examine the persistence in government bond yield spreads in France, Italy and Spain (relative to Germany) over the period 2002-2012 finding evidence of both breaks between 2006 and 2008, and an increase in the persistence of yield spreads after those breaks, coinciding with the sovereign debt crisis. The temporal evolution of the differences in EA bond yield spreads, together with the main results found in the literature justifies the use of the methodology proposed by Phillips and Sul (2007) . We postulate that this method represents more realistically the behaviour of the EA countries bond yield spreads, since it includes both global and individual specific components and it is formulated as a nonlinear time-varying factor model.
As such, the objective of the paper is to examine the convergence patterns of 17 EA countries' sovereign bond yield spreads (relative to German bund) over the period of March 2002 to December 2015, by employing the convergence algorithm developed by Phillips and Sul (2007) . The main contributions of this paper are the following. First, the sample of countries in the empirical analysis includes 18 EA member states in the Eurozone. The inclusion of the new member states in the analysis (Slovenia, Cyprus, Malta, Slovakia, Estonia, Latvia and Lithuania) is a valuable contribution of this paper, since most of the papers in the literature focus on the countries that first adopted the euro 3 , and it could help us understand how the adoption of a common currency affects the bond yields convergence process.
Second, the analysis covers the time period from March 2002 to December 2015, a period of time in which sovereign yield spreads have shown a very heterogeneous behaviour, and which could be divided in different sub-periods (Afonso et al., 2015) : the period of low yield spreads preceding the global credit crunch (March 2002 -August 2007 , the period during which the global credit crunch had not yet mutated into a sovereign debt crisis (August 2007-February 2009), and the last period of our sample including the sovereign debt crisis (March 2009 -December 2015 . Based on the idea that the degree of convergence or financial integration has been different over the analysed sub-periods, we test for convergence using the non-linear varying coefficients factor model developed by Phillips and Sul (2007) , which provides the framework for modelling transitional dynamics as well as long run behaviour. Although the same methodology has already been used in the literature to test for convergence in different variables (see , for a detailed literature review), to our knowledge, this is the first paper that applies the non-linear varying coefficients factor model developed by Phillips and Sul (2007) to test for convergence in 17 EA countries' bond yield spreads over the period March 2002 -December 2015 Finally, this methodology allows us to endogenously determine the existence of different convergence clubs among the different economies in the sample. The existence of more than one convergence club will imply the rejection of the convergence hypothesis across the 17 countries' bond yield spreads. Furthermore, the existence of different convergence clubs will allow us to classify the 17 EA countries based on their long-run common trend, instead of on the more simplistic classification "core/periphery countries". The resulting convergence clubs will allow us to classify all the 17 EA countries (while many of them are not included in the "core/periphery" groups), and it will also give us information on how divergent the different convergence clubs are.
The remainder of this paper is organised as follows. Section 2 describes the econometric methodology and the data used. Section 3 presents and discusses the empirical results. Finally, Section 4 summarizes and concludes this study.
Methodology and Data

Econometric Methodology
In this section, we outline the methodology proposed by Phillips and Sul (2007) 
test for convergence in a panel of countries and to identify any convergence clubs. PS propose a new econometric approach for testing the convergence hypothesis and the identification of convergence clubs. Their method uses a nonlinear time-varying factor model and provides the framework for modeling transitional dynamics as well as long run behavior. Furthermore, their statistical methodology can test for convergence in economic variables other than output.
Let it y denote a time series index i at time t. The new methodology adopts the following simple time-varying common-factor representation for it y of country i: 
The relative measure it h captures the transition path with respect to the panel average. Defining a formal econometric test of convergence as well as an empirical algorithm of defining club convergence requires the following assumption for the semi-parametric form for the time-varying (4). 8 The null hypothesis of convergence is rejected at the 5% level if the t log test is greater than -1.65. 5 In this paper, we set ( ) log L t t  . 6 Appendix B of PS reports the analytic proof under the convergence hypothesis for this regression equation. 7 Following the recommendation of PS, we set r= 0.3. 8 The log t test exhibits favorable asymptotic and finite sample properties.
The empirical convergence literature also deals with the possible existence of multiple equilibriums. In that case, rejection of the null hypothesis that all countries in the sample converge does not imply the absence of convergence clubs in the panel. In this study, we implement the club convergence and clustering procedure proposed by PS. We summarize that procedure as follows:
(1) Order the N countries with respect to the last-period value of the time series; (2) Form all possible core (club) groups k C by selecting the first k highest countries, with 2, 3, ...,
Then, test for convergence using the k t log test within each subgroup of size k . Finally, define the core club * C of size * k as the club for which the maximum computed * log k t statistic occurs,
given that the k t log statistics supports the convergence hypothesis; (3) From the remaining N-k* countries, add one country at a time to the core club C* and test for convergence through the logt test. If the test strongly supports the convergence hypothesis ( 0 log  t ), then include the country to the group * C . Find all countries that, according to the t log test, converge to the same steady state with the core group * C ; these countries together with the countries of the core group * C form the first convergence club in the panel; (4) Then, for the remaining countries (if any), repeat the procedure described in steps 1-3 to determine the next convergence club, if one exists. Finally, terminate the procedure when the remaining economies fail to converge. However, since the sieve criterion ( 0 log  t ) set in step (3) is highly conservative club convergence and clustering procedure tends to find more clubs than the true number. To avoid such overestimation, PS suggest running logt test regressions across the subgroups to access evidence in support of merging clubs into larger clubs.
We collect monthly observations of 10-year sovereign bond yields (in percentage) series for the EA Figure 1 plots the sovereign bond yield spreads, and Table 1 reports their descriptive statistics.
[Insert Table 1 around According to Figure 1 , it is evident the increase in spreads in the Euro Area countries that suffered from increased sovereign debts since the global financial crisis and the subsequent eurozone debt crisis. Sovereign bond yield spreads, on average, were the highest for Greece, followed by Latvia, Cyprus, Portugal, Lithuania, Slovenia, Ireland, Italy, Malta and Spain, ranging between 1.16% to 4.94% (see Table 1 ); while spreads for the "safe" EA countries, such as Austria, Belgium, Finland, France and Netherlands were much smaller, ranging between 0.21% and 0.53%, and were even negative for Luxembourg (see Table 1 ). Moreover, the increasingly divergence patterns in some EA17 countries is also reflected in the simple dispersion measures of sovereign bond yield spreads reported in Table 1 . For instance, the standard deviation of sovereign bond yield spreads in the former group is much higher compared to that of the latter group. The second and third subgroup, however, do not contribute to any merging. Hence, subgroup two and subgroup three are taken to form separate convergence clubs.
Data
Empirical Results
[Insert Table 2 around here] Figure 2 depicts the relative transition curves for the EA17 sovereign bond yield spreads.
Visual inspection of these curves enables us to gain some insight on the outcomes of the testing methodology and monitor the convergence of these sovereign bond yield spreads, relatively to the EA17 sample average. In particular, the transition curves report a graphical picture about the tendency of the cluster participants to converge or diverge from above or below 1, which is the convergence path reference point during the period under study. The graphical findings of the transition curves highlight that, despite short-run divergences, there is a long-run tendency towards convergence of EA17 sovereign bond yield spreads, with the exception of Greece and Cyprus, indicating the strong attempts of the countries under investigation to adopt fiscal policies that eventually contribute to a convergence pattern.
[Insert Figure 2 around here]
Conclusion
The main objective of the paper is to examine the convergence patterns of EA 17 countries' Third, there is also evidence that the first two clubs could be merged to form a larger convergence club. The second and third subgroup, however, do not contribute to any merging.
Hence, subgroup two and subgroup three are taken to form separate convergence clubs. Based on this result, it is relevant to mention the different behaviour that Slovakia, which adopted the euro in 2009, presents compared to the other EA new members, suggesting that the adoption of the common currency was not the most relevant variable to explain the convergence process of EA bond yield spreads.
Finally, the transitional curves indicate that, despite short-run divergences, EU17 sovereign bond yield spreads tend to converge over the long, with the exception of those in Greece and
Cyprus. This result justifies again the need to adopt common fiscal policies among the EA member states, directed mainly to the reduction of fiscal deficits and debt to GDP ratios in these countries. The DGP follows the time-varying representation (Eq. (1)) for y it adopted by Phillips and Sul (2007) . As was described in the methodology section, transition dynamics are captured by the idiosyncratic components d it . The form of d it in our DGP is in line with Eq. (3), and thus ensures convergence if and only if d i ¼ d and a P 0 (page 9). On the other hand, divergence occurs if and only if d i -d or a < 0 (page 9). Furthermore, our DGP allows us to introduce breaks in the transition dynamics. Specifically, when h 1 ¼ h 2 ¼ 0, the permanent component l t , follows a random walk with drift but no breaks. In the case h 1 -0, h 2 ¼ 0, there is a break in drift (mean) at t 1 . We also consider the case with two breaks in drift, which occurs when h 1 -0 and h 2 -0. The value of the coefficient h 0 does not affect simulation performance and results and a is set to be zero.
To check the size and the power of the test we set d i ¼ 1 and d i $ U½1; 2, respectively.
For all cases, we set a ¼ 0:01; 0:05; 0:1; 0:2, T ¼ 83; 166 and N ¼ 17.
To investigate the performance of the logt test we consider the following three DGPs: Table B1 shows the simulations results for the three DGPs described above. The nominal size is fixed to be 5%. The power of the test is reported without size adjustment.
The size of the test does not depend on the values of a and T. Most importantly, the size is not affected by the presence of structural breaks.
The empirical power is not significantly affected by the values of a, especially for T ¼ 166. Contrary, our results suggest that sample size affects the power performance of the test. For example, in the case of DGP1 and a = 0.01, power is reduced from 0.97 for T = 166 to 0.72 for T = 83. Most importantly, the logt test appears to be robust to the presence of structural breaks. (1987) with the Quadratic Spectral kernel. Bandwidth is set equal to the ''optimal" bandwidth which is automatically selected using the parametric methodology suggested by Andrews (1991). The rejection of the null hypothesis of convergence at the 5% significance level. Standard errors are estimated using the Newey-West HAC estimator (1987) with the Bartlett kernel. Bandwidth is set equal to the ''optimal" bandwidth which is automatically selected using the parametric methodology suggested by Andrews (1991).
Table B1
Empirical size and power of the logt test (5% nominal size). T = 166 T = 83 a = 0.01 a = 0.05 a = 0.1 a = 0.2 a = 0.01 a = 0.05 a = 0.1 a = 0.2 
